Study Design: Retrospective database study.
Introduction
Lower back pain affects a large portion of the population with a lifetime prevalence of 60% to 80% 1 in the United States. Posterior spinal fusion is considered the gold standard surgical treatment for spondylolisthesis, traumatic lumbar instability, and other clinical situations. 2 Although the vast majority of lower back pain is successfully managed with conservative modalities, spinal fusion of the lumbar spine is frequently performed when nonoperative management fails. through intertransverse process decortication and bone grafting with or without instrumentation. 2 However, over the past 2 decades, spinal fusion has been performed utilizing an interbody technique, which has improved fusion rates, lowered reoperation rates, and improved clinical satisfaction. [4] [5] [6] [7] [8] [9] Given the increasing national focus on health care utilization and the delivery of value-based care, 4 spine surgeons, administrators, and policy makers can benefit from economic information and data for specific spinal surgical procedures. 10, 11 The analysis of trends for these procedures over a 4-year period allows for the visualization of patterns and provides insight into the trajectory of spinal fusion procedures in the United States. However, obtaining reliable data in the health care industry remains an opaque process. Accurate, validated data on the frequency of surgical intervention, operative costs, surgical revision rates, and even patient demographics is difficult to obtain, are decentralized, and are highly variable in the literature. 12 These limitations make it difficult to compare cost-effectiveness of procedures at a national scale.
The National Inpatient Sample (NIS) database allows researchers to overcome some of these logistical limitations by providing a broad range of patient demographics, economic data, and number of treatments per year for specific surgeries performed at approximately 1000 hospitals throughout the United States. 13 Information that can be organized yearly by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9 CM) codes permits for utilization and demographic comparisons among procedures, while providing necessary data for cost analysis.
By performing a longitudinal analysis of an administrative inpatient database, a better understanding of the yearly trends and economic data surrounding primary and revision posterolateral fusion (PLF) and posterior/transforaminal lumbar interbody fusion (PLIF/TLIF) is possible. In this study, the NIS database was utilized to analyze a large, national cohort of patients who underwent PLF and PLIF/TLIF procedures from 2011 to 2014. Variables analyzed include the following: overall number of procedures performed, cost, age, and revision burden. We hypothesized that PLF-only procedures would decrease during the study period, while PLIF/TLIF procedures would increase.
Methods

Data Source
Data was collected from the NIS database between 2011 and 2014 across 44 states. The NIS database was developed for the Healthcare Cost and Utilization Project and constitutes the largest all-payer inpatient database in the United States. The database represents a 20% sample of discharges from US hospitals (excluding rehabilitation and long-term acute care hospitals), which is weighted to provide national estimates.
Patient Selection and Characteristics
The NIS database was queried for primary and revision PLF from 2011 to 2014 using ICD-9 CM codes 81.07 and 81.37, respectively. The database was subsequently queried for primary and revision PLIF/TLIF from 2011 to 2014 using ICD-9 CM codes 81.08 and 81.38, respectively. PLIF and TLIF procedures are grouped together under one ICD-9 CM code. There were no additional criteria for patient exclusion. The data in this study was restricted to the years 2011 to 2014 because of revisions to the procedural codes in 2011 and the gradual transition to ICD-10 CM in 2015.
Age and economic data were obtained for both primary and revision PLF and PLIF/TLIF procedures. Insurance types included Medicare, Medicaid, private, uninsured, and other. The "other" category included workman's compensation, TRI-CARE/CHAMPUS, CHAMPVA, Title V, and a number of other government programs. The annual number of surgeries, average and aggregate costs (in then-year dollars), insurance type, and patient demographics were recorded. Revision burden was defined as the ratio of revision procedures (removal, revision, supplemental fixation, or reoperation at the index level) to the sum of primary and revision procedures. Aggregate cost was defined as the sum of all costs for all hospital stays in the United States.
Results
Annual Number of Procedures
The annual number of PLF surgeries decreased from 127 916 in 2011 to 105 195 in 2014, accounting for an 18% drop over the 4 years. During this same time period, the number of annual PLIF/TLIF procedures increased from 56 001 to 69 030, which represented a 23% increase (Figure 1 ). The number of revision PLF surgeries decreased nonlinearly by 19%, from 10 717 to 8735, while the number of revision PLIF/TLIF surgeries stayed roughly unchanged at an average of 1884 ( Figure 2 ).
Cost of Procedure
The average cost per procedure of PLF, $28 439, was slightly lower than the average cost of PLIF/TLIF procedures, $29 948. This trend persisted for revision procedures as well with an average revision PLF cost of $28 974 and average revision PLIF/TLIF cost of $32 320 (Table 1) .
Aggregate National Costs
When considered on a national aggregate scale, primary PLF and primary PLIF/TLIF cost $3 157 791 341 and $1 906 870 045 on average per year, respectively. This corresponded to a 17.6% decrease for PLF and 24.9% increase for PLIF/TLIF over the 4-year period (Figure 3 ). Aggregate revision PLF costs also decreased by 18.6% from 2011 to 2014, averaging $278 095 018 per year in the nation. The national cost of revision PLIF/TLIF decreased by 6.1% during this period with an average of $60 861 491 (Figure 4 ).
Patient Age
Patients who underwent PLF tended to be older, with patients aged 65 years and older making up a 4-year average of 43% for PLF compared with 35.7% for PLIF/TLIF procedures ( Figure 5 ). More PLIF/TLIF procedures were performed in both the 18 to 44 and 45 to 64 age groups as compared with PLF procedures.
Revision Burden
The revision burden, defined as the ratio of revision surgeries to the sum of both revision and primary surgeries, fluctuated slightly for PLF procedures but remained relatively constant at an average of 8.0% in the United States. Contrastingly, the revision burden for PLIF/TLIF decreased progressively from 3.23 in 2011 to 2.56 in 2014, averaging 2.9% ( Figure 6 ).
Discussion
Several recently published studies have demonstrated rapidly increasing rates of all methods of spinal fusions in the last 2 decades. [14] [15] [16] In contrast, the current study reports that the total number of isolated primary and revision PLF procedures in the United States have both decreased by 18% and 19%, respectively. The increase in the number of posteriorly based interbody spinal fusions performed, such as PLIF/TLIF, may be contributing to the decrease in isolated PLF. The current study looks at primary ICD-9 CM codes, which are listed according to the costliest billable procedure. Given the limitations of the database and ICD 9-CM coding, this study focused on patients who had isolated PLF and patients with a posterior-based interbody with or without PLF. This study demonstrated a higher average cost for PLIF/TLIF as compared with PLF.
Despite the reported decrease in PLF procedures in the current study, the mean revision burden in the United States has remained at a relatively constant 8% rate over the study period. The decline in revision surgeries may primarily be due to the decline in primary cases since revision burden has remained constant over the study period. Additionally, the decline in procedures likely accounts for the decreasing aggregate national cost of PLF procedures. Yet these assertions are largely theoretical given that this study was not designed to answer the cause of any potential increase or decrease in utilization.
Similar to prior reports in the literature, 14 our analysis demonstrated an increase in the rate of PLIF/TLIF. Pannell et al 4 showed that the number of PLIF procedures increased from 4.8 to 7.5 per 10 000 from 2004 to 2009. This data was gathered from a private insurance database, limiting its wider applicability as compared with the NIS database. Our analysis, which included all payer types, showed a 23% increase in PLIF/TLIF procedures over the study period. Interestingly, despite the increase in PLIF/TLIF procedures over the study period, the number of revision procedures was constant, corresponding to a decreasing revision burden, averaging 2.9%. The average revision burden for PLIF/TLIF was much lower than the average revision burden for PLF procedures.
The average yearly national cost of PLIF/TLIF procedures has increased by 25% over the study period. These findings are consistent with several studies demonstrating a similar rise in the cost of spine surgery over the last decade. 17 Much of this increase may be attributed to the increasing number of PLIF/ TLIF procedures being performed throughout the United States. Furthermore, the increasing cost of interbody fusion procedures is likely multifactorial. This study was not designed to determine the cause of the observed trends. However, more device-based costs likely contribute given the move from Harms mesh cages and allograft to more sophisticated interbodies such as expandable devices, porous metal ingrowth surfaces, and modified polyether ether ketone. Because there is a lower revision burden for interbody procedures, it is possible that this may account for overall national cost savings since less revision procedures need to be performed as compared with traditional PLF procedures. Again, this study was not designed to answer these questions and are merely hypotheses.
Many of the limitations of this study are secondary to intrinsic issues of large patient databases. The NIS database does not include physician-based fees and costs are calculated from hospital-specific cost-to-charge ratios, which may exaggerate surgical cases. Still, these hospital-specific cost-to-charge ratios have been internally validated by the Agency for Healthcare Research and Quality. Inherent to a large study, the surgeries were performed by a large variety of surgeons, allowing for differences in surgical technique and potential indication bias. Moreover, there can be potential inaccuracies of ICD-9 CM billing records, errors transferring data from hospital records to administrative records, underreporting of procedures, or exclusion of missing cases in the NIS database. Finally, it is difficult to compare separate procedures as their indications vary. As shown in this study, patients receiving PLF represented an older population as compared with patients receiving PLIF/TLIF. Therefore, these represent 2 separate patient groups, making them incompatible for comparison, despite the overlap in the procedures. These differences also explain the difficulty in performing definitive cost-effectiveness analysis.
Despite these limitations, this study draws strength from its ability to analyze trends on a national scale. As alternative payment models become a more significant mode of reimbursement, cost-effectiveness for posterior spinal fusion surgery develops increasing importance. Another variable to consider is the enactment of the Affordable Care Act in 2010, which went into widespread effect in 2014 and overlapped with this study. It is difficult to determine the impact on cost, number of procedures, and overall trends that national policies have but future studies may be able to elucidate the effects of the Affordable Care Act on spinal procedures. The large fund of information provided by the NIS database will undoubtedly play a critical role in tracking the effects of medical policy changes and evolving spine surgery paradigms on a national basis.
In this analysis of the NIS database, the rate of isolated primary and revision PLF procedures declined while primary PLIF/TLIF increased and revision PLIF/TLIF remained constant. Over the study period, revision burden has remained unchanged for PLF but has declined progressively for PLIF/ TLIF, implying a decreased need for revision procedures following the initial PLIF/TLIF surgery. Prospective randomized trials are necessary to more rigorously evaluate the long-term outcomes and cost-effectiveness from a national health care perspective.
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